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Outline

e SUSY:why and how will it look like!?

® Jop as a (dominant) background to
SUSY

® Searches for the scalar top partner

® Qutlook
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Why SUSY, and how will it look like?

® Supersymmetry: often
considered favorite SM
extension

Standard particles SUSY particles

Higgs C . \‘g) Higgsino

® Provides good dark matter candidate

® Coupling constant unification

2
= 2E<?

® Solution to fine-tuning

problem of the Higgs - need
SUSY to be at the O(TeV) scale

Quarks 0 Leptons 0 Force particles Squarks Sleptons () sUsY force
particles

|

e Generic SUSY pheno:

e Strongly interacting particle
production typically dominates
(squark, gluinos)

® | ong decay chains: lots of high-
PT jets, leptons, etc

® |SPis stable (R-parity
conserving) — large Ex™iss
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You said signature of (b)-jets, real ET™s, lepton(s)?

® Top almost always #1
background!

® ttbar estimation is analysis-dependent but

always has data-driven component

® General idea is to use top-enriched CR
with cuts as close to SR but with little

sighal contamination, for example:

® CR with additional leptons wrt signal:

lost e/[ or "9 often dominates

® Lower Hr, transverse mass or Et™ss CR

® Then extrapolate to signal region(s), e.g.:

® MC(C/data transfer factor

® Using pure data info (e.g. lepton eff.)

Ref Exp. il-ﬁ of | b-) Rank of | Ttbar
ep. | jets?! | ttbar uncert.
PAS-SUS-12-016 (g:\s/) o | n | #1-30 | 10-70%
PAS-SUS-12-016 (g:T':\S/) o | y | #1m | 870%
PAS-SUS-12-010 (7CT':\S/) | ow #1 | 17-200%
PAS-SUS-12-017 (8C'II::\S/) 255 | y | #1® | s52-167%
1206.3949 (7CT':\S/) 2(05)| n #1 | 57-63%
. or\%g\fi- 09 (A8TT';’§/§ o | n | #1-3 | 24-70%
1203.6193 gTTL:\\g o | y #1 16-35%
con%élsi- 104 ?8T #eAvS) | N RS2 3773%
COI\%/(A)\I%- 105 A(\ST #eAvS) 269 | n | #29 40%
1208.4688 ?7T #:‘VS) 2(05)| n #1 | 33-100%

4

(1) Estimated together with W+jets background

2 ttbar+W and ttbar+Z
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Two examples of top background estimate (inclusive searches)

® Premise: pt of lepton from WV decay is anti-
correlated to neutrino °

® Raw prediction corrected for: (1) W
polarization, (2) lepton pt threshold, (3)

different lepton vs ET™s resol. °
e Similar method p1(£7¢) for 2-¢ OS channel °
°
A - CMS preliminary 2011
Chad 3 47", s=7TeV
= - 1eoru,z4jets,HT2500GeV
un —@— Data
; ' - Total prediction
N ———— Prediction for taus/dileptons
8 10°F e SUSY (LM3)
> S SUSY (LM6)
= +
10 7 *
1
.............. Co bl
100 200 300 400 500 600 700
E, [GeV]

Nsgr MC ( obs reS) - Tf (Ngll){s 2, NreS)
NCR

Define control regions that are ()
pure (e.g. signal-free) and (2) kinematically
close to SR

Extrapolation transfer factor from MC

MC systematics largely cancel out

Fit CR and SR S|multaneously

l T T T

107 & Dala(201 2)
% SM Total ILdt=5.8 fo ,\s =8TeV
10° multijets )
=W-jets Electron + Muon combined
S 10° - W Z+jets tt Control Region
() =Dibosons
O10%E — ATLAS Preliminary
o = single top
& 10°E - MSUGRA m,=400 m, ,=500
€N10°
c
()
>
L

—

.
W//z

500 1000 1500 2000 2500
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N

Data / SM
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oL
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TtbarV as a background to SUSY

CMS Preliminary L=498f "at\'s =7 TeV
2 [ I I | | ]
® TtbarW and ttbarZ have very small S 1ol ® pa ;
cross-sections. NLO predictions: T Bz E
10F Elg+w —
0.03 e L P Z +jets ® -
® ttbarW:0.]7%°%. b, ttbarZ: 0.14 pb E gl Ml -
0.05 P P i CMS : > E [] Diboson E
i . i ttbarZ 6 s
¢ But becoming more importantas -
SUSY is still escaping detection and
ttbarV can produce

® Additional leptons (SS or trilepton) - (ee)e (ee)n (ume (upn Total .
ouz =030 117 (stat) Too, (syst) pb

_owy =051 Y533 (stat) Tgo (syst) pb

® More Et™ss from W/Z—VI/vv

e Large background in SUSY SS

S

dilepton searches (dominant with b- §'0F amiaspreimnay . aa
tagging) poTTTTmTmmTmmmmmmmmmmmmmmsmmmemmeseg o J-Ldt=4_7fb"\!§=7Tev=tzf-77_-'+ietS
. ATLASttbarz | © 8w
® C(CMS observes evidence of ttbarV 6<0.71 pb at 95%CL ._;); e
(4.670) and ttbarZ (3.660) R ERRRE | 1
10"
® ATLAS also searched for it (no evidence 102
yet) - - " C:::nel
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Unfortunately no signs yet of SUSY in inclusive searches!

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: SUSY 2012)

| R o = . I | DY R o o oy P | IIIIIIII I |

. MSUGRA/CMSSM : O lep +j's + E, ... L8810 8 eV [ATLAS-CONF-2012-188] 150Te¥ Q=g mass

z MSUGRA/CMSSM : 1 lep +'s + E, ... |L=881b" 8 TeV [ATLAS-CONF-2012-104] 1.24Te¥' G =g mass : det = (1.00 - 5.8) fb"
e Phenomodel : Olep +js + E, .. [L=581b" 8 TeV [ATLAS-CONF-2012-109) 148TeV! g mass (m(@ <2TeV, light 1) ' 5

b Pheno model : O lep +j's + E, ... |0=581b" 8 TV [ATLAS-CONF-2012-109] 138TeV. G mass (m() <2 TeV.light 1) s=7,8TeV
¢ Gluinomed. ¥ (§—qar):1lep+js+E, . |IS7ibTTeViATiASCoNF2012041] 900/GaV] g mass (miz,) <200 GeV.m(i ) =miE +m(@)

3 GMSB : 2lep (OS) +j's + E, ... |t=471"7 TeV [Preliminary) 1.24TeV g Mass (tang < 15) ATLAS
e CMSB:1-2t+0-1lep+[s+E |isiiio" 7 Tev [ATLAS-CONF-2012-442) 1207e¥! g mass qang > 20) Preliminary
GGM :yy +E ' |(edai" 7 TeV IATLAS CONF 20120721 1077V G mass (miz’)> 50 GeV)

L TR W N W | L I I I I i e [ l L1 1
10" 1 10
*Only a selection of the available mass limits on new states or phenomena shown. Mass Scale [TeV]

All limits quoted are observed minus 1o theoretical sianal cross section uncertainty.

Hadronic / razor CMS|preliminary Leptonic
_10=0.25 ir =0.2_50 o
m(LSP)=0 GeV o o m(mother)—m(LSP) =200 GeV m(mother)—m(LSP) =200 GeV z;=b o m(LSP)=0 GeV
T1: §—q9%°, ap T3lh: g—qq(x3 =171 %), OS e/u edge
- e NN s NS N s S s EEE S i
T1: g—qqx°, jets + My M3Ih: g—qq(x) =171 %°), OS count e/u+ By . E
—Move to more
! w ° '
o specific signatures;
T2: §—4q%°, ar TChiSlepSlep: | ¥9x* —livy"¥", multilepton ( >3) L L LLL L L !
T2: g—qx°, jets + M, TChiSlepSlep: [x)x* —ulvy’ ", comb leptons
T2: G—qx°, razor TChiwz:| x* %) -»Wzy"x", comb leptons
1000 800 600 400 200 0 200 400 600 800 1000

Mass scales [GeV]
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Natural SUSY —light 3" generation squarks!

A

e Solution to fine-tuning of \ L
the Higgs is the most \ ,A "'T";.q[;’.z tbﬂtl
o o o ! Istan
important motivation for . | i ! Cousins”
SUSY to be discoverable at The “Nuclear Family” M
the LHC of the Higgs

® Stop (and sbottom) must swce | %
be light to cancel large top % if ()& | ustration from
corrections to Higgs mass (fine- ul 75}2: — 1 __ . oAl E
tuning) — natural SUSY . WTITER | ekt |

® Appear at the |-loop level in «— Closeness to Higgs

Higgs mass correction term

® Stop and left-handed sbottom Dedicated searches are needed!

=500-1000 GeV (level of fine-
tuning is somewhat arbitrary)

Limits for inclusive searches are necessarily
very stringent on 3™ generation

: : ® Stop (and sbottom) decay to top
O
Gluino must also be relfatively quarks for several model parameters

light (2-loop level) e

-------1
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® Two production modes:
® Gluino-mediated

® Direct production

® | will concentrate on final states containing
top quarks (since we're at TOP’|2!)
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Already lots of dedicated 3" generation squarks
searches at LHC!!

.....................................................

g—>b5 virtual b) Olep +1/2b-j's + E,
g—b ( lrtualb :0lep+3b-j's+E
g»t))%‘ (real b) Olep+3b-j's+E
g—»ti:lo(vnrtual t):1lep+1/2bj's+E
g—>tty, (wrtualt) 2 lep (SS) +JS +E
g—»tf" (virtualt) : 3 lep +j's + E
g—tly (virtual t) : 0 lep + multi-j's + E L=5.8 fb", 8 TeV [ATLAS-CONF-2012-103]
; ; g—>tf')'< (vurtualt) Olep + 3 b-j's + E, .. |47 7 eV [1207.4686)
E AT LAS L e g—>t’fz° (realt), 0 lep + 3 b-j's + E; ... [E=4T17 eV [1207.4686)
: bb,b _>in 0 Iep + 2- b-Jets +E L=4.7 fb”, 7 TeV [ATLAS-CONF-2012-106]
bb, b _’%1 3lep+js+E L=4.7 fb”", 7 TeV [ATLAS-CONF-2012-108]
(very Ilght) t—’bx 2lep+E L=4.7 fb", 7 TeV [CONF-2012-059]
Tt"(hght) t—’bX 172 Iep +b-jet+ E L=4.7 fb”, 7 TeV [CONF-2012-070]
tt (heavy) t_>t /: 0 Iep + b-let + E L=4.7 fb”', 7 TeV [1208.1447]
Tt 1t (heavy), t—>t/ 1lep + b-jet+ E L=4.7 fb”, 7 TeV [CONF-2012-073]
it (heavy), i— " : 2 lep + b-jet + E L=4.7 fb”, 7 TeV [CONF-2012-071]

L=2.11b", 7 TeV [1203.6193]
L=4.7 fb”, 7 TeV [1207.4686]

L=4.7 fb", 7 TeV [1207.4686]
mab,ruvnmmf_ ~
L=5.8fb", 8 TeV [ATLAS-CONF-2012-105]
L=4.7 fb”, 7 TeV [ATLAS-CONF-2012-108]

T,miss
T,miss
T,miss
T,miss
T,miss

T.miss

3rd gen. squarks
gluino mediated

T.miss

T,miss
T, miss
T, miss
T,miss
T,miss

T.miss

3rd gen. squarks
direct production

T.miss

T(GMSB) : Z(—ll) + b-jet + E_ |iSaim eV ii204736]
Signature Vs [TeV] |Latest Lumi [fb™'] Reference
Jets+E™ss + b-jets 7 498 SUS-12-003
oT + b-jets 8 3.9 SUS-11-022,SUS-12-016
CMS M2 + b-jets 7 473 arXiv:1207.1798
Razor 7 4.4-4.98 SUS-11-024, SUS-12-005, SUS-12-009
24 (SS) + b-jets 8 3.95 arXiv:1205.3933, SUS-12-017
| £ +Et™ss (sign) + b-jets 7 498 SUS-11-028
| 4 +Er™ss + b-jets 7 4.96 SUS-11-027
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Gluino-mediated production

Gtt (T 1ttet) simplified
model (off-shell stop):

t t
0
P, X1
......
. od™P S
g
| )
.4
>
.4
D
bd.‘ X[I]
7 HSRAAAAA
P
¢ t
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ATLAS 0 £ + 3 b-jets + ETm‘SS 7 TeV)

Define 5 signal region:

Veto e/|, require jet pt>50 GeV, leading jet pt>130 GeV

>160 GeV

>500 GeV

SR4-M | > 4j | >160 GeV | >700 GeV |  60%
SR4-T | > 4j | >160 GeV | >900 GeV |  70%
SR6-L | > 6] | >160 GeV | >700 GeV | 70%
SR6-T | > 6j | >200 GeV | >900 GeV |  75%

simplified “Gtt”

model:

gluino up-to
0.94 TeV

(neutralino
up-to 300

arXiv 1207.4686

g-g production, § — tf+i?, m(@) >> m(g) L™ =477 \s=7TeV
800 | T 1 I 1 I T T T T | 1 T 1 T I T T T T T 1 1 T I 1 T T 1 I T 1 T T ]
ISP CL, Expected limit + 1o, -l
- . b B ATLAS 3
_ 700 — CL, Observed limit + 10' , T
= [ e eory 3 b-jets channel e -
- SS dilepton, 2.0 fb™! - -
600 [— 1-lepton plus b-jets, 2.0 fb™' —
- Multi-jet, 4.7 fb™' .
500 — —]
—  Alllimits at 95% CL .
400 -
300 ‘ -
200 - 3
100 - 3
: 1 1 1 L 1 1 1 1 ‘:I il 1 ':E 1 1 1 :

400 500 600 700 800 900 1000 110C
m; [GeV]

m. [GeV]

900

- 800

700

600

500

400

300

200

w

——
ATLAS

>

0] 102:_ 1 ) L] Data 2011 —

= - J-Ldt~4,7fb‘,\s=7TeV 75555 SMTotal E

et - SR6.T [ tisjets ]

> B ’ [ Others 1

1= - Git: m.= =800 GeV, m =50 GeV

(0]

2 ok ——— Gt m =600 GeV, m ;_200 Gev |
= 0 G 3
| f/“ ” '
B 7, R T .

1 ‘ / =
- T VA /77777774 2/ Poeeannn, 3
- 1 l 1 l P | A I// L :

[oR

¥ @00 FEeccccccccccccccmmmmmabemmmm e d e e L e

L S % --------------------- / //

% 1 g Y -J//.f// /7'// ----- -//

S —— R

%00 600 800 1000 1200 1400 1600 1800 5000

My [GeV]

1- , production, t1—> b+

|_ =477 F 7TeV

CL, Expected limit + 104,

CL, Observed limit = 1 cfrl"esY
ory

1-lepton + b-jets 2.0 fb™'

ATLAS

3 b-jets channel

oo+

- A

- ——— SSdilepton, 2.0 fb” \’ ]

— Al limits at 95% CL |: —

- il .

= m(i?):GOGeV,m(a1.2)>>m(§) / E

= o =

— (0\666 _:: =1

[ 2O -7 g -

- \} 52 H )
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— ) —]
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al i 1 l 1 1 | L1 l I B | | é :u 1 §| 1 =

00 400 500 600 700 800 900 1000
m; [GeV]

|2
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http://arxiv.org/abs/1207.4686
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CMS o1 02 +(b-)jets (8 TeV)

— — i —

'Event selections:

c o BB | R S B s
* >2jets pr>100 GeV : o el
e |solated Iepton veto % 10 E_ N S " Standard Model + Expe,ct:d Unc. —g
* Hr>275 GeV, 61>0.55 NN S
(&t discriminates real vs fake E7™ss) 10 _
‘* Define several SR based on Hr cut | : == -
(>275-875 GeV) and number of b-tags | B
| (20-3) |
'® Bkgd estimated through TF -
(Top dominates for = [btdg) 10" S50 500600780 806900
H; (GeV
............................. ® pp — 89,3 — 2t + LSP; m(t)>>m a _ _
L|m|ts obtained %,mo_— """ ot o meory. N = SUS-12-010
in simplified e 2 § : CMS has several other 0-lepton analyses :
. “Gtt” model :  sof Op 15" 5 linterpreted in gluino-mediated stop
. gluino < 0.85 | o g  iproduction:
: TeV ;a0 8 e Razor analyses (7 TeV): SUS-11-024,
(LSP = 250 200]- At v iSUS-12-005, SUS-12-009
GeV) oor - L :® M12 with b-jets (7 TeV): SUS-12-002

m

gluino

400 500 600 700 800 900 1000 1100

(GeV)

e b-jets+Met (7 TeV): SUS-12-003
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https://cdsweb.cern.ch/record/1460095/files/SUS-12-016-pas.pdf
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ATLAS 0 £ + multi-jets + ET™ss (8 TeV)

. Event selections: ! e ,
---. ---------- = . . . . . . E E n i Id n. E
Signal region 7§55 | 8j55 | 9§55 | 6j80 | 7j80 | 8j80 . tvent yield vs njets :
Q :lllIlllllllllllllll'lllllllillllll'llIl:
i = - -1 ® Data2012 (\s=8TeV) -
— D408 Ldt=5.8f
Number of isolated leptons (e, u) 0 210°¢ dt=581fb Background prediction. 3
Jet pr > 55 GeV > 80 GeV “é 105k ATLAS Preliminary [ | Mulijets (inc. fi- qq) N
8 F p,>55GeVijets [ Shepatisll :
Jet Inl <28 g 10° - [ sherpa W— (ep1)v .
z Bl sherpaZ- vy E
. ~ ~0 n
Number of jets -3 >8 >9 >6 >7 >8 e 1 SUSY g=000,%,=150 ]
EMiss [ Hy > 4 GeV!/? - * ET*/\ H; > 4.0 GeV'? 7
E
--------- SO, ......oreeeeren ]
g-g production, g tf, [ Ldt=5.81b"x\s=8 TeV 10 E
;‘ H- I L I L ] T 17 l L l ™ l] ] LI ] LI I -+
& 090 7 —— Opserved imit (+107.5)) g 1
___________________________________ = _ [ =----- Expectedlimit (x 15, Multi-jets plus E™* - 5§ °F
L. . . Lo L 3 bjets obs. (7TeV) ] $UE . . E
: Limits obtained in % 500 O-lepton, >6-9 jets obs. (7Tev)| ATLAS Preliminary ] S S — E
: : " All limits at 95% CL ] I . . .
' . . (0 ”” : - S - o0 3 7 g >9
Slmpllﬁed Gtt - i Number of Jets
: : 400— ............................ — 52 __IIIIIllllllIlIllllllllll'llllIlllllll||_
: model : i i e f Ldt 5.8 it e Data2012(\s=8TeV)
! o ' B 7] >10° o ——— Background prediction
[] [} : — - L E
: g"’"no up to I ’o ' 300 - ] S ATLAS Preliminary [ | Multi-jets (inc. tt— qq) ]
: TeV - . 210° p, >80 GeV jets [ sherpati— gl >
: ' B . g [ Sherpa W— (eu)v -
[] [ ] N — a — -
. (neutralino up- : | : . 210 W srepazov
: L 200 — 4 -1 B e SUSY =900, 7,=150 3
. to 360 GeV) E ~ ‘1 n 102 | Emiss/ 1/2 i
L AR ' - 8 R T /\Hr>4.0GeV ™3
1) - —
100 - 3 — .
i i i T R W 3
il ITEPETETEN INS PUFRTINSN IPUPRPEPE | PR T I i
500 600 700 800 900 1000 1100 1200 1
m; [GeV] s 2 : -
S sE =
ATLAS-CONF-2012-103 s +
S of 5 : 5 T

Number of Jets
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http://cdsweb.cern.ch/record/1472672
http://cdsweb.cern.ch/record/1472672

CMS 1|4+ b-jets + ETm'SS (7TeV)

| Event selections:

| Hy > 750 GeV Hy > 1000 GeV
o >3 jets PT>4O GeV predicted stat. sys. | obs. || predicted stat. sys. || obs.
- , Emiss > 250 GeV
e Hr>350 GeV, ET™ss>]100 GeV | total 14582 + 928 =+ 2373 | 137 3754 + 373 + 885 36
| 0-tag 9895 + 754 + 1811 | 97 2702 + 319 + 701 30
o > | Iepton pT > 20 GeV 1-tag 3462 + 276 + 754 35 751 + 118 + 258 5
- . . > 1-tag 4687 + 309 + 1018 | 40 1052 + 133 + 361 6
e Fit parameters obtained in > 2-tag 1226 + 138 + 268| 5 301 + 061 + 1.03 1
| s , ETSs > 350 GeV
| low HT, ET region and total 5355 + 454 + 1175 | 44 1549 + 173 + 494 13
0-tag 3872 + 359 + 952 | 32 1166 + 155 + 415 11
extrapolated tO SR _ 1-tag 1151 + 103 + 35| 11 287 + 046 + 136 2
e ————— > 1-tag 1485 + 111 + 45| 12 383 + 05 + 181 2
> 2-tag 332 + 04 + 102| 1 096 + 02 + 046| 0
EMiss > 450 GeV
pp_’gg’g_’“x im@>m@ total 962 * 205 * 619] 20 658 + 086 = 277 7
s 'CMS Preliminary  .© "o Otag 1493 + 17 + 518| 14 515 + 076 =+ 231 6
® O ltg 384 + 04 + 15| 5 114 + 02 + 067 1
O. 800 (s=7Tev, I Ldt=4:68 fb" ~ > l-tag 469 + 042 + 183| 6 143 + 021 + 086 1
@ S o o2t 085 + 012 + 033] 1 029 + 007 + 019 0
g : _ GNLO-QCD"’."' ';'
[« YR [ iLO-QCD
& 600/~ ;’xﬁoco 5 PAS-SUS-11-027
[ —gtio-aco (expected) e e P e P PP R P PP PP EEEPEEPEREEPPPEEEE :
Fa ’ = L|m|ts obtained in simplified “Gtt” model: E
10 :
W00 & . gluino < 0.9 TeV (neutralino <200 GeV) 5
s ] R e e e -
o — — — ——
X
200 i A complementary analysis W|th the same
-2
g 10 | signature extracts the bkgd using ABCD
N RN |
400 600 800 1000 technlque Wlth Ht and ETm'SS/HT PAS SUS-| | 028 )

gluino mass [GeV]
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http://cdsweb.cern.ch/record/1445894?ln=en
http://cdsweb.cern.ch/record/1445894?ln=en
https://cdsweb.cern.ch/record/1449810
https://cdsweb.cern.ch/record/1449810

CMS Same-sign 2 £ + b-jets (8 TeV)

CMS Preliminary, (s =8 TeV, L _ =3.95 fb”

Selections and backgrounds: { ;e ey g B00F T g me Sign dileptons with btag selection 4
,‘ > lent 70 GeV |: Limits obtained in : © 700F  sssmsExclusion 6™ =MoL+ 15 £
o ==) |eptons e 1 . L F E
oy pto! ) PT 40 GeV 57 b. | : simplified “Gtt” model: F so0of 3
. - 1 : - - E
=4 Jets with pr &V, = | gluino =< 0.9 TeV, | 500t E
tags ! . : E 2 E
§ ‘ d dom d by ttbarV 1 LSP exclusion up-: 400t :
@ /(. : & =
ATC groun omlnat: f { ttbarV to 450 GeV 300" .
[ . . il =
| so important are the fake | (low E1™ss cut) 200 z
leptons and electron charge-flips | =----ooomrmemrmesnmeenneateeees 0~ e
— — 400 500 600 700 800 900 1000 1100
o e e m(gd) GeV
. Event yield vs njets, Hr, Ex™ss:
SRO SR1 SR2 SR3 SR4 SR5 SR6 SR7 SR8
No. of jets >2 o B > 2 > 2 > 2 =2 > 2 >3 >
No. of b-tags =2 =2 g =2 = > - 2 =0 >0
Leplofi chavgesy srghyf e | Spekfirmen | Spae  |ogpetp ff ey | shifiies: | ok e | gl = o= |ipiele )] =] sfiepufiene—
Exiss >0GeV | >30 GeV | >30 GeV | > 120 GeV | > 50 GeV | > 50 GeV | > 120 GeV | > 50 GeV | > 0 GeV
Hr >80 GeV | >80 GeV | >80 GeV | > 200 GeV | > 200 GeV | > 320 GeV | > 320 GeV | > 200 GeV | > 320 GeV
Charge-flip BG | 1.32 +0.28 |1.04 +0.22 [ 0.52 £ 0.11 | 0.05 £ 0.01 | 0.35 £ 0.08 | 0.11 £ 0.03 | 0.02 £ 0.01 | 0.01 = 0.01 | 0.18 £ 0.05
Fake BG 5.80 +3.78 4.46 +2.68 [1.86+1.12 | 0.33 +0.36 | 2.46 +2.16 | 0.77 £ 0.82 | 0.20 + 0.33 | 0.08 + 0.52 | 1.36 & 1.12
Rare SMBG | 492+257 |4.44+2.32|295+1.59 | 1.01 £0.62 | 2.95+1.56 | 1.77 £ 1.03 | 0.71 £ 0.51 | 0.24 + 0.40 | 2.24 +1.27
Total BG 12.13+4.58 [9.94 +3.55 533 £ 1.95 | 1.39 £ 0.72 | 5.76 = 2.67 | 2.64 £ 1.32 | 0.93 £ 0.61 | 0.33 = 0.66 | 3.78 £ 1.69
Event yield 13 11 0 1 4 2 1 1 4
8 TeV: PAS-SUS-12-017 . ATLAS:also has 8 TeV SS+jets analysis with “Gtt”
7 TeV paper: arXiv:1205.3933 . interpretation and comparable limits: ATLAS-CONF-2012-105
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ATLAS 3 £ + jets + Er™ss (7 TeV)

Selectlons and backgrounds ‘

g-g production, g— ttx
=T I T

L™= 47" ys=7 TeV

lllllllllllll]llllll

T rrrr|rrrrq

ATLAS Preliminary

IIIIIIII|Illl|IIlIIlIII|IIllllllllllIlll

900 1000

Limits obtained in | 3 o “ obsenediimit 1o
* >3 |eptons pt>15 GeV (leading simplified “Gtt” § & mof === Expected limit (+1,,)
PT> 20 (23) GeV for u (e) | . model ; 6005— All limits at 95% CL ¢
| 500 —
e >4 jets with pt>30 GeV, =2 b-tags | glumo 0.8 TeV,: =t
| o ErMiss>50 GeV | | LSP exclusion i o0 |
e Background dominated by fake up-to 380 GeV | xof
| leptons and estimated from (Iow Ex™iss cut) 3 |
dedicated CR ----------------------------------- 0" (l)o l 15(1301 - leclJol - 17(1301 - 800
Event yield vs lepton flavors
) Oe 1eSS 1e0S 2eSS 2e0S 3e 32
tt 0.1£0.1 02F*0.1 0.4+0.3 06+0.4 0.5+02 0.4+02 | 2.2+09
ti+V 0.140.1  0.1+0.0 0.140.1  0.140.1 0.1+0.1  0.04+0.0 | 0.5+0.4
Wt 040 040 040 040 040 040 040
di-bosons | 0.14£0.1  0.0+0.0 0.2+40.1  0.0+0.0 0.14+0.1  0.2+0.1 | 0.6+0.2
Z +jets 040 040 o i 040 040 040 0102
Total SM | 0.3£02 0.3+0.1 0.8+0.4 0.7+04 0.7£03 0.6+03 | 3.411.2
Data 0 0 1 0 1 0 2

ATLAS-CONF-2012-108
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Summary of gluino-mediated limited

o - - - ~ -vo. ~ ~ — N
95% exclusion limits forg — tt; ; m(q)>m(g) 55 production, g ﬁ%?

12200 T T O W 600 | GL_ 95% C.L. limits. 6%U" not included. —
© = CMS preliminary O y o g ey - Expected | -
[ — ] = 0-lepton, > 6-9 jet _=58f",8Tev] "~ 7
('2‘ = SS+b 7 TeV, 498 tb" - E’X ATLiFS)-ggNF-2012-]1eoss Lo - gbserved ]
9) 1000~ — E;+b ] 500 | 2-SS-leptons,>4jets [L =587, 8Tev] ~ "~ O)ézeef\tgé ]
L = ATLAS-CONF-2012-105 -
g g - 3 b-jets L =471"7TeV] g’égee‘;\i‘; i
arXiv:1207.4686 —
- — razor - i ]
8') 800 .. razorsb B 400 — S o
- - - razor multijet g - / i
600~ — Mr+b . 200 [ E
400 = 200 |— _
200— | - 100 — :‘. |
Y S s ] L ATLAS Preliminary ! ] .
I" I “—r/__‘l | I } 1 l 1 l 1 I 1 ‘.1 l | I— I_ | | I | | | I | I | | I L 11 | \I | | ‘l | l L 11 | _I
500 600 700 800 900 1000 1100 1200 500 600 700 800 900 1000 1100 [G1 2\(}5)

m. [Ge

g

gluino mass [GeV]

:Several of the presented analyses also provide limits for:
: ® Gluino-mediated real stop production

: ® Direct sbottom, sbottom — top chargino (— W= LSP)

: ® Gluino-mediated sbottom production
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Direct production

10 Prosp'}n02. 1
- o, [pb]: pp = SUSY VS =7TeV |
1 -
-1
10
2 i
10
3 i
10
100 200 900
mavera (4 [GCV]
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CMS 0 24 analyses interpreted for direct stop (7 TeV)

95% exclusion limits for T — t 7 ; m(g,g)>>m() 95% exclusion limits for T — t 7 ; m(g,g)>>m()

S I T T T ] T T T I T T T I L— > 600 Sl e i T T R R E

= 1% CMS preliminary —uow(® (Prospino) 1 & | —0q CMS preliminary |

— é o, -1

% 10 Y --- oy (expected) I sool TaZor Aot |

< . L - razor . % il b

o i ---razor (expected) 1 € | — razor+ |

— razor+b o

c 1F UPAZOYED (Expected)! ERRT 400 —

o - — razor multijet 1 3

:.g E - I'iIZI?:fi:I' multijet :_:;;:.:I;;:%.;;,:;-];;l~ E [ :

= 300}~ -

o 10°F E L §

Q. - .

Q. i i

= i ] 200}~ -

-

O 10%E L |

3?: -7 TeV, 4.98 b 100} N

@ 3 I rni(LSP)=50 GeV | | iR IS BT B S DAY N N B B ST B
107 500 200 600 800 200 250 300 350 400 450 500 550 600

stop mass [GeV] stop mass [GeV]

EDedicated direct stop searches are currently in the works§
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ATLAS direct stop 0 £ analysis (7 TeV)

‘Selections and background

|1‘ * >6 jets pr>30GeV, leading jet pt>130GeV, | or 2 b-tags
* QCD bkgd reduced with A® cut of E™ss with jets, ET™5(trk)
e Cuts on mr(b-jet, ET™*) and mj;

e Background dominated by ttbar £ +jets bkgd (e.g. 7)

arXiv 1208.1447
(submitted to PRL)

e 7-jet veto (MT<100 GeV)

‘\
: E . Id f E miss E > I I I T l T T I T I 1 I I I I I I I T I T I I I
 event yie or two ET cuts : o 10+ i -
""""""""""""""""""""""""""""""" O i B single Top |
| SRA SRB 3 i V (V) + jets |
ERss > 150 GeV > 260 GeV ~ g iy -
= (92]

L v////] Bkg Syst Error -
tt 92427 23 +0.6 = i - g e B )GV ]
tt+ W/Z 08402 04 +0.1 S P
Single top 0.74+04 02 T 8‘_3 L 6—— é?'féé ® Data 2011 _—
Z+jets i3y 0 09ioe i / ’ ATLAS |
W +jets 12ty 05 +£04 - 70 —
Diboson 105 M- S 1 ol 4—_ %7/ JLdt =4.71b"\'s=7 TeV |
Multi-jets 0.2x+0.2 0.02 £ 0.02 i : i
Total SM iS5t aaEil Sl & /7 %% -
SUSY (m;,,mgo) = (400,1) GV 148440 8.9 =+ 3.1 e :
Data (observed) 16 4 2_ ]
Visible cross section [fb] 29 (25) 1.3(1.3) i 7

I s s | ]
------------------------------------------------------------------------------------ 100 200 300 400 500 600

. Stop excluded between 370-465 GeV
;for Misp=0 and (max LSP exclusion is 50 GeV)

ET® [GeV]

21

Thursday, September 20, 12


http://arxiv.org/abs/1208.1447
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ATLAS direct stop | £ analysis (7 TeV)

i

Selections and background

> LA B LB B B L B UL EURELNE
o B e Data 2011 (1s=7TeV) i
| O ATLAS -4, Standard Model (SM
e Exactly one lepton o 10°F 2 ultiets (da otmate) 3
. [ ~ - Cdsi ]
e >4 jets pr>80, 60, 40, 25 GeV, > | b-tag | o f Jra-aze 3 Vs, WV i
| = 10°F SR A @8 ti+V, single top E
* A cut of Er™ss with two lead jet > 0.8 | N ++/m7 =400 GeV, mzo =1 GeV
A A m7 =500 GeV, myo =1 GeV
* 130 < Miji < 205 GeV - e+l channels 3
N o 1 T /l ..... | ] _f
. Optimized selections 7 | B
Requirement SRASRBSRCSRDSRE 1o «%‘ ,,,,,,,,, .
s [GeV] > 150 150 150 225 275 1 T
50 200 250 300 350 400 450 500 550
m‘SS/\/HT GVl @ 9 A1 1. i
mr [GeV] > 120 120 120 130 140 EF™ [GeV]
Regions SR A SR B SR C SR D SR E
tt 36 +5 27 + 4 1142 49+13 1.3+06 .
tt + V, single top 2.9+ 0.7 2.5+ 0.6 1.6 +0.3 0.9+0.3 0.4+0.1 arXiv 1208.2590
V+jets, VV 2.5+ 1.3 1.7+ 0.8 0.4+0.1 03+01  01+01 (sybmitted to PRL)
Multijet 0.4+0.4 0.3+0.3 0.3+0.3 0.3+0.3 i
Total background 42+ 6 31+4 1342 6.4+14  1.8+0.7
Signal benchmark 1 (2) 25.6 (8.8) 23.0 (8.1) 17.5 (6.9)  13.5(6.2) 7.1 (4.5)
Observed events 38 25 15 8 5
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ATLAS light stop |-2 4 + b-jets (7 TeV)

stop — bottom chargino, chargino —=W(*) LSP
All objects are softer = challenging!

mstop < Miop | _'_)

Minimum mass scale variable
used to discriminate S/B

Z: | -lepton selections
| ® pr(lep) > 20-25 GeV, =4 jets pt>20 GeV |

. B mmmmm e em-em-sem--mem-semmmmemememmmmmmmet _
] 2 b-tags’ ETmISS>4O GeV, mT>3O GeV E 10 ATLAS Pre||m|naryl ' I. Data12011 I I
e Require low reco. top mass 8 . |Lat=a7m\s=7Tev L
2-lepton selections £ 2opion, 30 <m <51 Goy I 2 0t
| >
* 2 OS leptons, =2 jets, | b-tag . v jf‘“j’s“ o000 ey
° ETmiss>40 Ge\/’ Zmassveto =t B ¥ e (t, X, %,) = (180,140,20) GeV

Signal event yields

Number of events
Process 1LSR 2LSR1 2L.SR2
Top 24£3+5 89+£6+10 |36+2+5
W +jets o122 n/a n/a
Z+jets 05403403 | 11+£4+3 3+1+1 =
Fake leptons T+1+2 1245411 6444 @
Others 0.34+0.1£0.1 | 27£0.9+0.7 | 0.9+£0.240.5 o
Total SM 38+3+7 115£8+15 | 46+t4+7 8
Data 50 123 47 4 n "
i, = 170 GeV,mzg =70 GeV | 26256 = S 100 200 300 400 500 600 700 800 goo >1000
m;, = 180 GeV,mz0 =20 GeV | 20+244 414345 274243 S [GeV]
95% CL upper limits R e L LR LR LR e LR LR LR EEEEEET
Oyis (expected) [fb] 4.2 9.3 4.6 '
o e . o E Stop excluded for mass :
: ~120-170 GeV for mysp=55 :
! +_ '
ATLAS-CONF-2012-070 ; GeV (Xi*=106 GeV)

e e e M e e e meemeemmemeeeesememeeseeememeesmeememeee———- 23
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Summary of ATLAS direct stop searches

T, production: T, - b+, %> W' +%. (BR=1, m, <200 GeV); f,—> t+%, (BR=1, m_> 200 GeV)

— —— T T T | | I L B B B I | — B —— I —— —— ! | T T
% 200 —  ATLAS Preliminary . ObSEIVEd limits (-1 Gtsnlésé) t,— b+x 7 - W +Z (m. <200 GeV) ]
O — —— Observed limits (nominal) _ Zepton (m.. 106 GeV) —
b -1 - h—
180~ J. Ldt=4.7fb {s=7 TeV ---- Expected limits (nominal) . tz-leptons + biets (I, =H0010eN).
e | o 1/2-leptons + b-jets (m =2xm, o)
E L Status: ICHEP 2012 All limits at 95% CL,

t,— t+x1 (m. > 200 GeV)
—_— O-Iebton
—— 1-lepton

---.\ [ 2-lepton

o)
o

\
S
e

o
-
2
8%

N
-

R B e |

-
-

| 1] I|III‘III|II | I ‘lll|lll|lll‘

J G .
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Highlights of direct stop limit from Tevatron

‘ °The stop has been looked for in several channels at the Tevatron
J‘ * stop — top | LSP is kinematically dlsfavored — speC|aI|ze in Ilghter stop S|gnatures |

FEE R ) -

i §top S VEry Ilg.ht (and heavier : Other possible scenarios for very light stop:
. chargino or neutralino), favored decay : .
three-body decays to b £ sneutrino

. could be to charm quark and LSP

""""""""""""""""""""""""""""""""""""""""" S 120
-1 -1
CDF Run Il Preliminary J L dt=2.6 fb S s s D
= 110 = - --exp. higgsino
- Observed Limit (95% CL) ® § — obs. higgsino
120 - Expected Limit (+106) E 100 5
£ N
g 90 b
100 @ 3
® 80 S

0
o

Neutralino Mass [GeV/c?]

IFIIII]I?I']'ITIIIIIIIIllll(l'l(lllllllll

70
60 e LEP-II
i 50 excluded
40 LEP G =56\ Y CDF 295 pb”
L — LEP 6 = 0° § D 995 pb 40—; i 1LEIP‘-IIex|cIuldedl ' 7
Do e NN/ I 60 80 100 120 140 160 180 200
60 80 100 120 140 160 180 Scalar Top Quark Mass (GeV)
Stop Mass [GeV/c?] U+T:PLB 710,578 (2012)
arXiv:1203.417] Also: e+U:PLB 696,321 (2011)
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Conclusions

® 2012 has been a special year for the interplay of top/SUSY physics
as the interest for 3" generation SUSY has increased dramatically

e A significant part of the natural phase space of SUSY has been
excluded

® But the searches continues, there is still a lot of important (majority of)

territory left to cover — will largely benefit from +/s=8 TeV and higher
luminosity

e ttbar background is typically dominant (in 3" generation and inclusive
searches) — several complementary methods developed

® Note:l did not cover analyses looking for SUSY signatures like EW production,
RPV, long-lived particles, etc

CMS SUSY public results

CDF Exotics results

ATLAS SUSY public results

D@ New Phenomena results
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
http://www-cdf.fnal.gov/physics/exotic/exotic.html
http://www-cdf.fnal.gov/physics/exotic/exotic.html
http://www-d0.fnal.gov/Run2Physics/WWW/results/np.htm
http://www-d0.fnal.gov/Run2Physics/WWW/results/np.htm

Additional material
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CMS | £ + b=jets + ET™ss (7 TeV)

Table 5: Relative systematic uncertainties for the background estimation in the signal region
Hy > 1000GeV and 250 < ET"* < 2500 GeV.

u channel e channel
Source total | O-tag | > 1-tag total | O-tag | > 1-tag
Jet and ET" scale 60% | 75% 72% || 31% | 56% 21%
W polarization (1), £10% | 05% | 0.6% 01% || 13% | 18% 0.2%
W~ polarization (2), 5% | 03% | 05% 01% || 05% | 05% 0.2%
W polarization (2), £5% | 0.1% | 02% 01% || 01% | 01% 0.1%
W polarization (3), £ 10% | 00% | 0.1% 00% || 05% | 0.6% 0.2%
vary lep. eff. at low pr 04% | 03% 06% || 06% | 1.3% 0.7 %
vary lep. eff. in endcaps 02% | 02% 0.1% 06% | 0.8% 0.4 %
vary pile-up 01% | 01% 02% || 03% | 15% 0.4 %
Non-leading bkg + 50% 07% | 04% 04% || 40% | 3.0% 6.2 %
dilep. contr + 50% 01% | 05% 07% || 06% | 1.2% 0.6 %
o(tt), £32% 12% | 23% 16% || 07% | 1.8% 2.0%
o( W+jets ), £ 32% 13% | 29% 23% || 26% | 1.6% 2.8 %
exponent tt + 10% 16% | 02% 53% || 1.8% | 0.3% 4.8 %
exponent Wi+jets £ 10% | 35% | 44% 13% || 3.6% | 46% 1.5%
exponent W™ +jets £ 10% | 0.7% | 08% 03% || 09% | 14% 0.9 %
« slope tt 110% | 24% | 293% || 148% | 5.0% | 343 %
« slope W +ets 159% | 20.6 % 60% || 165% | 22.2% 5.1 %
« slope W™ +ets 49% | 82% 20% || 56% | 87% 0.5 %
Variation of Erfc. 41% | 46% 29% || 31% | 3.2% 2.7 %
> 1045""l""l""l""l""
) K CMS preliminary — Fit
O [\, 498" \s=7Tev
Q 10°F
T =
= -~ Data
2 2l
c 10°¢ =
o e a
LI>J N ]
10 = 350 < HTS750 GeV =
o — '\" 4 =
L 2f .4 E
S feeeee ol
- ; -
@ : ]
B e
100 200 300 400 500 600 700 800 9001000
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Events / 50 GeV

Data/Fit

1O4§IIII
- CMS preliminary —E
=i 4.98 fb",\Ns =7 TeV Flt
10E
- -~ Data
10°F E
10;_ 750<HTszsooaev_;
1 E
2_' Ilflll ":
1ot LT ;
100 200 300 400 500 600 700 800 9001000
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ATLAS light stop 1-2 £ + b-jets: more info

L L L U l

% ATLAS Preliminary ®  Data2011

GO 10° 1 4kt SM Total

o J-Ldt=4.7fb',|s=7TeV ] Top

o /w

; 10* = 1-lepton, Top CR B ot

I= = ] Multi-jet

) sl vennnn (1% %,)=(170,140,70) GeV . . . .

o OE e e G 1)=(180,140,20) Ge Minimum invariant mass
0P compatible with the subsystem
10 (sub) 2 2 5

Suo) __ 2 2 miss miss
1
1
miss 2
o s — — - (pT(sub) + Pt ) )
s £ 7 ¥ 7
o 1.5 Y " 477 %
S IOIDDV2, s IV /%00 7
= - /7 AORPLY, Z
O 05F—------¢ S ERGRCITTETELFTRTE SERSER S S s ¢
= + :
o0& Z : : : ' : : |
0 200 400 600 800 1000 1200 1400 >1600
b
1 [GeV]
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ATLAS direct stop 2 £ analysis (7 TeV)

Selections and background

| e ==2 |eptons and >2 jets
e Same-flavor leptons: Z veto and b-tag
e Signal region: mm2>120 GeV

SF DF
Z[y* +jets 1.2+0.5 -
(Z/y™* +jets scale factor) (1.27) -

tt 023+023 | 0403
(7 scale factor) (1.21) (1.10)
ttW + tiZ 0.11+0.07 | 0.19+0.12
WwW 0.01*9%2 | 0.19+0.18
WZ+2Z 0.05 +0.05 | 003+ 0.03
Wt 0.00*9 0.107%
Fake leptons o.oo:fﬁﬁ 0.00:§3§
Total SM 1.6+06 | 09+06
Signal, m(7,) = 300 GeV, m(¥})= 50 GeV 2.15 3.73
Signal, m(T) = 450 GeV, m(4p)= 100GeV |  3.10 5.78
Observed 1 2
95% CL limit on o> [fb] 0.86 1.08
95% CL limit on o\ [fb] 0.89 0.79

Events / 5 GeV

Data/MC

-y
ILdt~4.

LANE LA S S (AN SN S

7ftb \s=7TeV

different flavor

ryyvr/rm ™y Y™™y 1 Y™

® Data 201
6444« SM Background
B Z+jets
[ N1
B WW+ZZ+WZ
) Fake leptons
[ | WL iZe Wi
----- mit,x ) = (300,50) GeV
—— m(T.A) = (450,100) GeV

ATLAS  Preliminary

| llllull Ll
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CMS Razor 0 £ multijet+b=jets (7 TeV)

| pp—> 2%, 2t +%; m() >> m(®)

| | (LSP =< 220 GeV) :~ 0

o 100

‘7—> 5 . . 800__lvlr71TI L e e o B = 10
Event selections: - Cus Pliminary %
' . 700 Vs=7Tev [Ldt=498 " .
¢ 26 lets PT>3O Gev ""--""""""""""""""":.—| - Razoeri{tiJet Jet box) Observed
Limits obtained in (T & — &
e >7 jets pr>80 GeV imi sl.? da‘l‘né ’|’n > H— o @ 1 1
: simplifie tt '8 500 g -
¢ >| jet b-tag ‘ P % | — Fxpected oo @) -
| model P& 400 -
* |solated lepton veto - : e F :
Lo Use “ » variabl ( . gluino = 0.9 TeV s 300- -
se “razor” variables to | Z - B

‘discriminate signal and bkgd

95% CL upper limit on ¢ (pb) (CL)

PRI IR SR B N e A
: 5 _19_ 500 600 700 800 900 1000 1100 1200
: Event )’Ie|C|. : SUS-12-009 gluino mass [GeV/c?]
Region Mg R? Observed Predicted Mode Predicted Median Predicted 68 Prob. Range p-value
51 (3000, 4000 10.0300, 0.0375| 0 0.5 0.5 25125 0.99
S2 (800, 4000] 10.0375, 0.0900] 4328 4318.5 3709.5 4426.5 = 718.5 0.40
S3 [650,4000] 10.0900, 0.2000] 551 504.5 500.5 640.5 + 140.5 0.43
S4 [600,4000] [0.2000, 0.3000] 37 33.5 11.5 37.0£27.0 0.84
Ss [550,4000] 10.3000, 0.5000] 7 9.5 1.5 14.0 +£14.0 0.70
Se (500, 4000] [0.5000, 1.0000] 0 0.5 0.5 3.0+3.0 0.99

: CMS has several other 0 £ analyses interpreted in gluino-mediated stop production:

e Two more Razor analyses (7 TeV): SUS-1 1-024, SUS-12-005

- at jetstMet with >0-3 b-jets: SUS—-11-022 (7 TeV), SUS-12-016 (8 TeV)
¢ Mt with b-jets (7 TeV): SUS-12-002

:® b-jets+Met (7 TeV): SUS-12-003
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